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Data communications and Encoding 
 

1. A signal has a bandwidth of 20 Hz. The highest frequency is 60 Hz. What is the lowest 
frequency? The signals frequency content is analysed to a resolution of 5Hz. Every 
component is found to have the same amplitude of A volts. Draw the spectrum of the signal. 

 
B = fh -  fl 
20 = 60 - fl 
fl = 60 - 20 = 40 Hz 
 

 
 
 
2. A signal has a spectrum with frequencies between 1000 and 2000 Hz (bandwidth of 1000 

Hz). A medium can pass frequencies from 3000 to 4000 Hz (a bandwidth of 1000 Hz). Can 
this signal faithfully pass through this medium? 

 
TThhee  aannsswweerr  iiss  ddeeffiinniitteellyy  nnoo..  AAlltthhoouugghh  tthhee  ssiiggnnaall  aanndd  tthhee  mmeeddiiuumm  ccaann  hhaavvee  tthhee  ssaammee  
bbaannddwwiiddtthh  ((11000000  HHzz)),,  tthhee  rraannggee  ddooeess  nnoott  oovveerrllaapp..  TThhee  mmeeddiiuumm  ccaann  oonnllyy  ppaassss  tthhee  
ffrreeqquueenncciieess  bbeettwweeeenn  33000000  aanndd  44000000  HHzz  ssoo  tthhee  ssiiggnnaallss  ffrreeqquueenncciieess  ooff  11000000HHzz  ttoo  22000000HHzz  
aarree  ttoottaallllyy  lloosstt..  

TThhee  mmeeddiiuumm  ddeessccrriibbeedd  iinn  tthhee  qquueessttiioonn  iiss  eesssseennttiiaallllyy  aa  bbaannddppaassss  ffiilltteerr..  YYoouu  ccaann  tthhiinnkk  ooff  
aa  bbaannddppaassss  ffiilltteerr  aass  bbeeiinngg  aa  ppaalliinngg  ffeennccee  wwiitthh  ggaapp  iinn  iitt..  OOnnllyy  ssoommeetthhiinngg  tthhaatt  iiss  lliinneedd  uupp  
wwiitthh  tthhee  ggaapp  ccaann  ggeett  tthhrroouugghh  tthhee  ffeennccee..  YYoouu  ccaann  aallssoo  hhaavvee  hhiigghh--ppaassss  aanndd  llooww--ppaassss  ffiilltteerr..    

AAllll  mmeeddiiaa  hhaavvee  aa  ffrreeqquueennccyy  rreessppoonnssee..  CCoommmmuunniiccaattiioonnss  ssiiggnnaallss  hhaavvee  ttoo  bbee  ttaaiilloorreedd  ttoo  
ttaakkeess  tthheessee  iinnttoo  aaccccoouunntt  iiff  tthhee  bbeesstt  ppeerrffoorrmmaannccee  iiss  ttoo  bbee  aacchhiieevveedd..  
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Bandwidth  = 60 – 40 = 20 Hz 
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3. In a Communication Channel, it was found that the Signal-to-Noise Ratio is 27 dB. Assume 
that the communication line has the bandwidth of 3 kHz, calculate the Channel Capacity for 
this connection. 

 
Also, find the number of levels required for the Channel Capacity. 
 
To use Shannons Law, the SNR value has to be linear (no units). We are given the SNR in 
dB so first we have to convert. 
 
SNR (ratio) = 1027/10 
                    = 501.18 
 
 Now using Shannon’s Law: 
 
C = Blog2 (1 + SNR) 
    = 3000* log2 (1 + 501.18) 
    = 3000* [log10(502.18)/log10 2]      
C = 26.92 kbps 
 
To find the number of levels needed, using Nyquist’s Theorem: 
 
C = 2Blog2(M) 
Blog2(M) = C/2 
log2(M) = C / (2 * B) 
 
log2 (M) = 26.92 * 103/(2 * 3000) 
log2 (M) = 4.48 
   M = 24.48 
   M = 22.32 
 
But you cannot have a part-level, so round up; 
 
   M = 23 levels 
 
 
4. Assume a data stream is made of the following bit sequence 0 0 0 1 0 0 1 0 1 1 1. Encode this 

stream, using the following encoding schemes. 
a) Unipolar 
b) NRZ-L 
c) NRZ-I 
d) Manchester 
e) Differential Manchester 

 

 

 

 
 

 

Note : 
the use of the change-of-base formula; 
    log X(Y) = log10(Y) /  log10(X) 

This should be highlighted to 
students  
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f) Unipolar (send ; 0 Volts for a 0 and +ve Volts for a 1) 
 

                      
  0 0 0 1 0 0 1 0 1 1 1 
+ve                                      

                                         

                                         
-ve                                    

 
 
 
 
 
 
g) NRZ-L (send; +ve Volts for a 0 and –ve Volts for a 1) 
 

  0 0 0 1 0 0 1 0 1 1 1 
+ve                                              

                                               

                                           
-ve                                    

 
 
 
h) NRZ-I (the signal changes polarity at each 1 in the data stream) 
 

  0 0 0 1 0 0 1 0 1 1 1 
+ve                                        

                                               

                                          
-ve                                    

 
OR (there are two possible answers because it depends on what the previous bit was) 
 

  0 0 0 1 0 0 1 0 1 1 1 
+ve                                         

                                               

                                          
-ve                                    
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i) Manchester  
 
 

  0 0 0 1 0 0 1 0 1 1 1 
+ve                                       

                                               

                                               
-ve                                     

 
j) Differential Manchester 
 

  0 0 0 1 0 0 1 0 1 1 1 
+ve                                      

                                               

                                              
-ve                                      

 
 
OR (there are two possible answers because it depends on what the previous bit was) 
 

  0 0 0 1 0 0 1 0 1 1 1 
+ve                                     

                                               

                                               
-ve                                     

 
 
 

 
 


